This study examined the relationship between intrauterine growth retardation and adolescent stature in a sample of 1510 White subjects (754 males and 756 females) who were evaluated at birth and at the ages of 15, 16, and 17 years. The subjects were classified into two groups based on birthweight, small for gestational age (SGA) and appropriate for gestational age (AGA), corresponding respectively to values below the loth, and between the 11th and 99th, percentiles of gestational age and sex. Results showed that boys and girls born prematurely (gestational age < 37 weeks of gestation) attained the same stature as those born at full term (>37 weeks ofgestation). In contrast, those born SGA were significantly shorter than their counterparts born AGA. The average reduction in stature was 4.9 cm for males and 2.9 cm for females. When the analysis included adjustments for parental stature (and adolescent's age at menarche for females), the average reduction in stature equaled about 3.5 cm for males and 2.0 cm for females. It is thus concluded that the stature deficit reflects a reduction in growth rate rather than delay in maturation. B 1994 Wiley-Liss, Inc.
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Studies of infants born small for gestational age (SGA) indicate that, in spite of some early catch-up growth, they remain smaller than those born appropriate for gestational age (AGA) due to slow growth during childhood (Brandt, 1986; Fitzhardinge and Inwood, 1989;  Hadders-Algra and Touwen, 1990; Low et al., 1982) . However, fewer studies have examined the extent to which the slow growth continues throughout adolescence. In view of the fact that adolescence is associated with the second growth spurt, it is possible that size differences may be overcome at that time. A recent report (Paz et al., 1993) does not support this hypothesis, finding shorter stature a t age 17 years in boys and girls born SGA relative to their peers born AGA. Similarly, based on a smaller matched-control sample, Westwood et al. (1983) report that SGA subjects remain smaller than AGA controls at ages 13-19 years. To further explore the possibility of a continued effect on growth in the adolescent period associated with being born SGA, the data sets from the Child Health and Development Studies (CHDS), available through the National Technical Information Service (NTIS) of the US. Department of Commerce, have been analyzed.
MATERIALS AND METHODS
The study population is based upon a sample of 1510 White subjects (754 males and 756 females) who were evaluated at birth and at the ages of 15,16, and 17 years. Measurements of gestational age of newborns in weeks (derived from information on the last menstrual period), birthweight (for liveborn infants only), maternal age, maternal stature, paternal stature, adolescent age and stature, and total family income Measurements were recorded in completed inches and sixteenths of an inch; the measurements were converted to centimeters. The subjects, based on birthweight and gestational age, were classified into two groups, small for gestational age (SGA) and appropriate for gestational age (AGA), corresponding respectively to birthweights below the loth, and between the 11th and 99th percentiles of gestational age. The statures of the two groups of adolescents were compared by analysis of variance (ANOVA) and analysis of covariance (ANCOVA), with the statures of the adolescent's parents as the covariates. Infants born with a gestational age <37 weeks were considered premature; those with a gestational age of >37 weeks, full term.
RESULTS
The general characteristics of the sample are given in Table 1 . The statures of both males and females are similar to the mean values expected for U.S. White populations of the same age (Frisancho, 1990) . As shown in Table 2 , adolescents born prematurely have attained the same stature as those born at full term. In contrast, SGA adolescents are significantly shorter than their AGA counterparts (P < 0.01 for males; P < 0.001 for females). The average reduction in stature equals 4.9 cm for males and 2.9 cm for females. The mean statures by age are shown in Figure 1 below the 10th age-and sex-specific percentiles during adolescence.
These differences are not attributable to income. The total income for SGA families is either higher than or equal to that of AGA families. Although there does appear to be a trend toward slightly greater stature for parents of AGA adolescents compared with parents of SGA adolescents, all comparisons are nonsignificant ( Table 2) . (Brandt, 1986; Fitzhardinge and Inwood, 1989 ; HaddersAlgra and Touwen, 1990; Low et al., 1982) and adolescence (Paz et al., 1993; Westwood et al., 1983) . This study and the previous reports seem to suggest a biological stability that starts early in life and continues through adolescence.
An important question to address is the factors that account for the observed difference between adolescents born SGA and those born AGA. One possibility is that the difference is due to an interference with the process of developmental homeostasis. According to the concept of developmental homeostasis, stable development depends on the ability of the phenotype to compensate for genetic mutations and environmental disturbances (Lerner, 1954; Waddington, 1957) . A productive way of testing the role of the interaction between the genotype and the phenotype is to evaluate the parent-offspring relationship in stature. As indicated in Table 2 , parents of SGA adolescents do not differ significantly in stature from the parents of adolescents born AGA. However, a shown in Table 4 , the correlation between maternal stature and offspring stature for SGA adolescents (F = 0.15 for boys and If this is the case, it can be inferred that negative intrauterine environmental factors reduce the buffering capacity of the genotype and affect the outcome of the developmental process. Previous studies indicate that maternal undernutrition, extremes in maternal age (either too young or too old), poor nutritional habits, and maternal smoking are associated with prenatal growth retardation (Frisancho, 1993) . The net effect of these environmental factors is to decrease the genetic contribution toward the phenotypic expression of birthweight; the proportion of variation in birthweight attributable to the environment thus increases. For example, Little and Sing (1987) have shown that heritabilities for birthweight decrease among male infants of mothers who smoke.
In the present analysis, 70% of SGA adolescents (males = 72%; females = 69%) were born to mothers who smoked during pregnancy. Thus, it is quite possible that the observed shorter stature of SGA adolescents reflects the influence of negative environ- mental factors affecting the expression of genetic growth potential from the prenatal stage onward. Another possibility is that the observed difference is related to a difference in the length of the maturation process, so that the SGA adolescents continue to grow for a longer period than their peers born AGA. To test this hypothesis, age at menarche was used. The results indicate that girls of both groups of adolescents have a similar mean age at menarche (12.68 2 1.21 years for SGAand 12.78 2 1.19yearsforAGAadoles-cents). Thus it appears that the stature deficit associated with the SGA adolescents reflects a reduction in the growth rate rather than a delay in maturation. This finding is consistent with that of Westwood et al. (19831, who reported no delay in bone age or sexual development in SGA relative to AGA adolescents.
In conclusion, the present study provides further evidence that infants born small for gestational age have an increased probability of short stature which continues through adolescence relative to infants born appropriate for gestational age.
